-INTRODUCTION
Various works deal with tephrostratigraphy in north Italy, the dispersion of volcanic ashes during eruptions and the use of tephras as time-parallel chronological markers, and show the importance of tephra detection and characterization (Calanchi et al., 1996; Ramrath et al., 1999; Magny et al., 2006 Magny et al., , 2007 Giaccio et al., 2009) . Tephras investigations in cores have been primarily driven by a need for robust chronological markers to correlate environmental records. They also provide an estimate of eruptions frequency for volcanic centers when proximal informations have been removed by recent activity (Keller et al., 1978; McCoy, 1981; Paterne et al., 1988 Paterne et al., , 1990 Paterne et al., , 2008 Vezzoli, 1991; Calanchi et al., 1994 Calanchi et al., , 1996 Calanchi et al., , 1998 Narcisi & Vezzoli, 1999; Siani et al., 2004; Lowe et al., 2007) .
This paper presents a tephrostratigraphic study from a holocene sedimentary sequence cored in the Maccarese lagoon close to Fiumicino airport (Rome, Italy).
-GEOLOGICAL SETTING
The Maccarese lagoon is located in the Tiber delta between two major volcanic massifs, Sabatini to the north and Alban Hills to the south ( fig. 1) , north from the present main active Italian volcanoes (i.e. Campanian volcanoes, the Aeolian Islands and Etna).
The geomorphological features of this area are due to (1) post-orogenic extensional tectonics since the late Miocene, (2) volcanic activity of Alban hills and Sabatini Mountains, and (3) combined Tiber sedimentation and sediment reworking due to glacio-eustatic sea level changes during the Quaternary (Amorosi & Milli, 2001; Bellotti et al., 2007; Di Rita et al., 2010; Bellotti et al., 2011) . Coastal lagoons have been developed in the delta on both sides of the Tiber, Ostia lagoons in the South and Maccarese lagoon in the North (Bellotti et al., 2007) .
-MATERIALS AND METHODS

-CORING
The core LM2 was collected by Jean-Philippe Goiran and the Archéorient Laboratory team (University Lyon 2, France) in February 2010, in the southern part of the Maccarese lagoon (41°49 '20,53" N, 12°17'34,94" E) . The Maccarese lagoon is artificially filled and Rome Fiumicino Airport's enlargement is built above the lagoon. The core is composed of clays and silts with two peat layers: from 4.46 m to 4.6 m depth and from 5.36 m to 5.95 m depth ( fig. 2) . The sedimentary record overlies the volcanic tuff from the Sabatini Mountains.
-TEPHRA IDENTIFICATION
Distal ash layers identification is often difficult to the naked eye. So, first, volume magnetic susceptibility measurements were performed ( fig. 2 ) using a MS2-E1 surface scanning sensor from Bartington Instruments. This 1cm diameter-sensor is well adapted to measure the volume magnetic susceptibility on split cores with fine resolution. The sediments in the Maccarese lagoon mainly consist of clays and carbonates ( fig. 2) , which are essentially dia-and paramagnetic materials. Volcanic ashes are made of glass shards or pumice and phenocrists such as feldspars, pyroxenes, amphiboles and micas which are also dia-and paramagnetic minerals. Moreover, they generally contain ferromagnetic crystals such as magnetite. In distal deposits, magnetic dense particles, like titanomagnetite grains, may be absent, because they may sediment before the study site. Then, distal volcanic material mainly consists of glass shards that may contain titanomagnetites as small inclusions (Ananou et al., 2003) . Thus, all layers or volcanic deposit containing these minerals commonly lead to an increase in the magnetic susceptibility values (Williamson et al., 1991; Bossuet et al., 1997; Walter-Simonnet et al., 2008) . However, aphyric glasses (usually rhyolite) show low magnetic susceptibility values.
Chemical analyzes (major elements) were carried out on tephras glass shards using a Cameca SX50 electron microprobe in Camparis Center from the University Pierre et Marie Curie Paris VI (France) (operating conditions: wavelength dispersive spectrometry, accelerating voltage of 15 keV, 4 nA beam current, 10 µm beam diameter). The chemical composition of glass shards is generally different than the chemical composition of bulk volcanic rock and reflects the conditions of formation of pyroclastites (fast ejection, fast cooling). Generally, eruptions have a special chemical composition that allows to distinguish them.
-CHRONOLOGY
The chronological framework of the sedimentary sequence is based on six radiocarbon dates of wood fragments, plants macrofossils and peat samples (tab. 1). Two radiocarbon dating methods were used: Accelerator Mass Spectrometer (AMS) at the CEA (ARTEMIS, Saclay, France) and Liquid Scintillation Counting (LSC) at the Center for Radiocarbon Dating of the University Claude Bernard (Lyon, France). Core LM2 recorded sedimentation processes from ca. 9,136-9,427 cal. yr BP (at 20.5 m depth). The youngest age (2,353-2,694 cal. yr BP) was obtained at 3.6 m depth.
The six radiocarbon ages were converted to calendar years using the program OxCal and the Calib software (Stuiver & van der Plicht, 1998) , and the calibration curve IntCal09 (Reimer et al., 2009) . Two different sedimentation rates are observed in the age-depth diagram ( fig. 3 ). Between the base of the core and 7 m depth, the sedimentation rate is ca. 0.85 cm/year, but it decreases to 0.08 cm/year above 7 m depth. This change in sedimentation rate is consistent with chronological data from different other studies conducted in the Tiber delta (Lambeck et al., 2004; Bellotti et al., 2007; Di Rita et al., 2010; Bellotti et al., 2011; Giraudi et al., 2011) .
-TEPHRA CHARACTERIZATION
Samples were selected on and around peaks of magnetic susceptibility as well as between peaks. But, magnetic susceptibility were difficult to use along the upper 2 meters of the core. Then, in order to obtain a complete sampling, this part of the core was cut every 5 cm and the 20 samples were analyzed. Samples have been attacked with 10% solution of acetic acid in order to remove carbonates, then with 35 % solution of hydrogen peroxide in order to remove organic matter. Finally, the samples were sieved at 40 microns. The > 40 µm fraction was observed with a binocular lens and a light microscope ( fig. 4 ).
-RESULTS AND DISCUSSION
-MAGNETIC SUSCEPTIBILITY
The magnetic susceptibility of this sediment is often low because clays and carbonates which compose the core are dia-and paramagnetic minerals. However, the magnetic susceptibility data show several peaks ( fig. 2 ) due to the occurrence of ferromagnetic minerals in the sediment. The two tephra layers observed at naked eye, LM2-451 and LM2-544 (at 4.51 m depth and 5.44 m depth respectively) do not correspond to high magnetic susceptibility values. There are two possible reasons: 1) heavy ferromagnetic minerals sedimented before the Maccarese lagoon, and 2) hightly differentiated magmas are usually impoverished in ferromagnetic minerals.
Only one sample (tephra layer LM2-640 at 6.40 m depth) corresponds to a high magnetic susceptibility value indicating the presence of ferromagnetic minerals in the sediment. Other peaks with high magnetic susceptibility values can be attributed to detrital material deposits due to continental erosion. The upper 4 meters of the core are marked by rapid and significant changes in magnetic susceptibility record. These variations may correspond to Bronze Age human occupations in the Roman region. Indeed, deforestation was very extended during this period and induced soil erosion and an increased supply of detrital sediments in the lagoon. This hypothesis was recently confirmed by Balsam et al. (2011) .
-GLASS SHARDS CHEMISTRY
-Tephra LM2-451
This 1.5 cm thick tephra is dated to 3,977 -4,158 cal. yr BP using peat sampled from 4.45 to 4.50 m depth (tab. 1). Major elements analyses (tab. 2) show it has got a trachytic composition which is characteristic of the alkaline series from the Campanian products ( fig. 5  and 6 ). During this time interval, three main Campanian eruptions occurred: the Avellino eruption from the Somma-Vesuvius complex (ca. 3.8 cal. ka BP, Sulpizio et al., 2008 Sulpizio et al., , 2010a 3.9 cal. ka BP, Sevink et al., 2011) , the Averno eruption at 4,249 ± 95 cal. years BP (Isaia et al., 2004 (Isaia et al., , 2009 Smith et al., 2011) and the volcanic activity of Astroni. The first activity of Astroni started at 4 249 ± 95 cal. years BP (Isaia et al., 2004 (Isaia et al., , 2009 Smith et al., 2011) . The eruption of Lupura Fossa, which followed the last of the seven phases of the Astroni eruption, is dated at 4,085 ± 100 cal. years BP (Di Vito et al., 1999) in the Phlegraean Fields (tab. 3). Even if there may be a possible synchronism with Avellino eruption, this eruption doesn't correspond to LM2-451 tephra. Its trachy-phonolitic composition is different from the one of Avellino (tab. 4). In return, it is characteristic of phlegrean products. So, this tephra layer may correspond to the Astroni eruption whose age and chemistry are consistent (tab. 4). It is the first time that this tephra layer originated from Phlegrean Fields is described in north Italy. 
-Tephra LM2-544
This tephra was observed at 544 cm in the second peat layer and dated by AMS 14 C dates at 4,416 -4,523 cal. years BP (tab. 1). Its major elements chemistry shows a phonolitic composition indicating a phlegrean (Campanian) origin ( fig. 7) . During this period, two phlegrean phonolitic eruptions occurred. The eruption of Astroni started at 4,249 ± 95 cal. years BP (Isaia et al., 2004 (Isaia et al., , 2009 Smith et al., 2011) and the Agnano Monte Spina eruption dated to 4,555 ± 75 cal. years BP (de Vita et al., 1999; Di Vito et al., 1999) . The chemical compositions of Astroni and Agnano Monte Spina eruptions are similar. Our LM2-544 tephra layer may correspond to the tephra layer attributed to Agnano Monte Spina described in Lake Accesa by Magny et al. (2006 Magny et al. ( , 2007 , north of Maccarese Lagoon. 
Tab. 2: Major oxides concentrations of volcanic glass shards from tephras layers observed in core LM2 (electron microprobe analyses).
Tab. 2 : Composition chimique (en % de poids d'oxydes d'éléments majeurs) des échardes de verre volcanique présentes dans les tephras observés dans la carotte LM2 (analyses chimiques obtenues à la microsonde électronique).
-Tephra LM2-640
There is no datable material around this level. Then, we have estimated the age of this tephra by linear interpolation and obtained an age of ~5,965 cal. years BP (tab. 1, fig. 3 ). Glass shards are rare but their chemical composition shows very low silica (47-52 %), high FeO (7-9%) and high K 2 O (5-9%) contents ( fig. 6 and 8) . This chemical (Calanchi et al., 1996 ; Calanchi et al., 1998 ; Wulf et al., 2004 ; Magny et al., 2007 ; Calanchi & Dinelli, 2008 ; Sulpizio et al., 2008 ; Turney et al., 2008) , d'Agnano Monte Spina (De Vita et al., 1999 ; Wulf et al., 2004 ; Magny et al., 2006 ; Piochi et al., 2008 ; Zanchetta et al., 2011 ) et d'Astroni (Siani et al., 2004 Smith et al., 2011) Bas et al., 1986) . (modifié d'après Peccerillo & Taylor, 1976) (Siani et al., 2004) . Séries : A/ série tholeiitique, B1/ série calco-alcaline faiblement potassique, B2/ série calco-alcaline fortement potassique, C/ série shoshonitique, D/ série alcaline. (Corsaro et al., 2004 (Corsaro et al., , 2005 (Corsaro et al., , 2007 Viccaro et al., 2007 ; Ferlito et al., 2008 ; Branca et al., 2009) (Gaeta, 1998 ; Freda, 2006 ; Gaeta et al., 2006) . chacracteristics can be attributed to Alban Hills volcanic products. The last activity of the Alban Hills was dated to 5,100 ± 100 14 C years BP (5,850 ± 130 cal. years BP) (Funiciello et al., 2003) . The estimated age of LM2-544 tephra and the age of the last activity of Alban Hills are consistent. Thus, we can attribute LM2-544 tephra to the last known volcanic activity of Alban Hills.
dans le diagramme de la somme des alcalins en fonction de SiO 2 (TAS, Le
Fig. 8 : Représentation dans les diagrammes FeO-alcalins et K 2 O-SiO 2 de la composition chimique d'échardes de verre volcanique provenant du niveau de téphra LM2-640 et des éruptions de la Province Campanienne (données issues des auteurs cités dans la figure 5), de l'Etna
et des Monts Alban
-Historic volcanic activity of the Alban Hills
Many historians of Ancient Rome (Julius Obsequens, Hostillius Tullius, Cicero, Livy, Pliny the Elder), quoted by Heiken et al. (2005) , related disastrous events all around the Alban Hills during the six centuries before Jesus Christ. They often described "a shower of stones on Rome" or "stones thrown from the crater" on more or less accurate dates (De Benedetti et al. (2008) . No tephrostratigraphic study have shown presence of tephras from very late roman volcanic activity. Considering our chronological data, tephras related to Alban Hills activity during the Bronze Age would be recovered in the first two meters of our core. But, such tephra layer hasn't been found. The lack of glass shards may be explained by the type of eruptive activity, i.e. there is no expulsion of volcanic glass during phreatic eruptions. During phreatic eruptions rocks are broken by water Rolandi et al. (1998), (c) de Vita et al. (1999) , (d) Di Vito et al. (1999) , (e) Andronico & Cioni (2002) vapor under pressure but there is no mission of magma at the surface. In this case the plume is only composed by water vapor.
-CONCLUSION
The core performed into the Maccarese lagoon is of great tephrochronological interest. Ages obtained in this study complete works on the Tiber delta formation and the sea level evolution in this area (Lambeck et al., 2004; Bellotti et al., 2007 Bellotti et al., , 2011 Goiran et al., 2009 Goiran et al., , 2010 De Rita et al., 2010; Bellotti et al., 2011; Giraudi et al., 2011) . Our study has highlighted several eruptive episodes that historically affected the Roman region, and, for the first time in this part of Italy, shows a record of post-Agnano-Monte-Spina volcanic activity of Phlegrean Fields. The observed tephra layers are important chronological markers in the sedimentary record in the Tiber delta.
The volcanic activity of Alban Hills during the Bronze Age is not recorded in this core. Doubts about the veracity of the chronicles remain unsolved although they come from multiple sources. Nevertheless, our study shows the need of such studies in other areas around the Alban Hills.
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